INTRODUCTION
Percutaneous endovenous interventions such as catheter directed thrombolysis, pharmacomechanical thrombectomy (PMT), balloon angioplasty, and iliocaval venous stent placement are widely accepted methods in the management of select patients with deep vein thrombosis (DVT). The most commonly used access site for these procedures is the popliteal vein (PV) with the patient in the prone position. However, during the procedure, additional access using the femoral and tibial veins with the patient in the supine position may be needed. 1 In a patient with DVT, these access sites may also be needed for the insertion of various devices for thrombus extraction, stent placement, and balloon angioplasty, as well as venography and intravascular ultrasound examination. 2 For prevention of pulmonary embolism during the procedure, temporary inferior vena cava (IVC) filter placement via the internal jugular vein in the supine position is used selectively or routinely before thrombus management. 3 However, prone positioning for popliteal access prevents additional access to the femoral, tibial, and jugular veins. Therefore, moving the patient to the supine position may be required when anterior access is needed. Thus, the endovenous management of DVT may require two venous access sites in two different positions: supine and prone. This approach increases the potential for haemorrhage and discomfort for the patient. Although the disadvantages of popliteal access in the prone position have not been well documented, it has been reported that some elderly patients and those who had undergone lumbar spine or joint operations found it difficult to change position. 4 A new PV access technique in patients with DVT, allowing for multiple accesses in the supine position, is described.
MATERIALS AND METHODS
Consecutive patients treated with PMT using PV access in the supine position for symptomatic acute lower limb DVT were identified from a single institutional database. The records were reviewed retrospectively for demographic and clinical data, venous duplex ultrasound (DUS) examination, and computed tomographic venography, which was used to define the proximal extension of thrombi, as well as underlying lesions. Patients over 18 years of age with acute symptomatic DVT were included. Following assessment for PMT, as well as obtaining consent, patients were transferred to the angiography suite for the procedure. All procedures were performed under local anaesthesia.
Puncture technique
In this new technique, access to the PV is gained with an ultrasound guided vein puncture with the patient in the supine position. Both legs are prepped and draped, and the patient's feet are covered. The knee of the access site is flexed and rotated laterally, and the foot is supported posteriorly with a pad. The ultrasound guided approach is performed with the M-Turbo ultrasound system (Sono-Site, Bothell, WA, USA) using a linear array vascular probe with a frequency of 6e13 MHz and width of 6 cm in non-obese patients. A lower frequency, or even an abdominal probe, will facilitate greater tissue penetration in patients with thicker or oedematous subcutaneous tissue. The operator stands on the right hand side of the patient and uses his/her left hand to hold the probe while the right hand is used for intervention, for a right handed operator.
There are two ways to visualise the PV during the preoperative ultrasound examination in the supine position ( Fig. 1 ). The posterior approach is commonly used by clinicians. This technique is also used during the procedure; the probe is placed just below the popliteal skin crease, where the vein is placed most superficially. When the probe is placed in the popliteal fossa in the supine position, which is behind the leg, the image is upside down on the ultrasound screen. If the image on the screen is changed to be upside down using the controls on the device, the image and procedure become compatible with each other, as in procedures with a direct anterior approach, making manipulations much easier. The insertion point of the needle is approximately a few centimetres distal to the probe. The posterior approach is easier as the PV is superficial in this location and preferred for proximally located thrombi. Equivalent to the arterial terminology, by subdividing the popliteal artery into three segments (P1, P2, and P3) the puncture site of the PV can be defined as PV1, PV2, and PV3, respectively. The posterior approach allows access to the most cranial part of PV2 or caudal part of PV1. However, the anteromedial approach allows access to the more caudal part of the PV (PV3) or to the level of the tibioperoneal trunk, which is below and medial to the head of tibia. In this approach, the vein lies deeper and access may be more difficult than the posterior route. It is favourable in non-oedematous and non-obese patients with thrombi involving the PV distally.
Avoiding arterial puncture is crucial because of the risk of haemorrhage during PMT, which is possible after gaining access. The vein usually lies more superficial than the artery in both types of access ( Fig. 2 ). Both the transverse and longitudinal views are used for targeting the PV. However, vein puncture is performed in the transverse view. Following vein puncture using an 18 gauge needle by the Seldinger technique, a 0.035 wire and then a 7 F sheath is inserted. 
Thrombus removal
Following PV access, venography with manual injection was obtained. PMT was performed using a Cleaner thrombectomy device (Argon Medical Devices, Plano, TX, USA) as a single session technique, as described previously elsewhere. 1 During the procedure, when balloon angioplasty and stent placement were needed, the popliteal sheath was replaced with 10 or 11 F sheaths. After a completion venogram, all catheters and sheaths were removed, and manual pressure applied to the access sites. Patients were given 5 000 units of unfractionated heparin during the procedure and were therapeutically anticoagulated with low molecular weight heparin (Enoxaparin, Clexane; Sanofi-Aventis, Paris, France [1 mg/kg subcutaneously q12h]) postprocedure.
Post-interventional observation and follow up
All patients were discharged on the second postinterventional day, after clinical and DUS examination for symptom relief, patency, and access site complications. They were discharged on enoxaparin, and warfarin was started at the same day to a target international normalised ratio (INR) of 2.0e3.0. Enoxaparin was discontinued when INR levels were within the therapeutic range. Anticoagulation was continued for a minimum of 12 months. Three follow up examinations, clinical and DUS, were done at the end of one, three, and six months. In the first month's follow up, INR, access site, neurological examination, and vein/stent patency were evaluated. At the second and third follow ups, INR and vein/stent patency were evaluated. However, the six month follow up results were evaluated as the result of the study with the main goal of revealing patency.
RESULTS
Eight patients (four men; mean AE standard deviation age 44.2 AE 14.1 years) were included. Pre-interventional radiological evaluation revealed femoropopliteal vein thrombosis in three and iliofemoropopliteal vein thrombosis in five patients ( Table 1) . Popliteal access was performed successfully in the supine position in all patients. Contralateral femoral access was obtained in four patients: one for IVC filter insertion and three for better definition of the proximal extension of thrombus at the IVC confluence. An IVC filter was inserted in five patients using the contralateral femoral vein in one patient and the right internal jugular vein in four. Iliocaval venous stents were placed in four patients. Using PMT, complete thrombus resolution was obtained in all patients with popliteal access in the supine position. Additional catheter directed thrombolysis before or after PMT was not used. Follow up at six months was accomplished in seven of eight patients. None of the patients had early or late complications, including arterial puncture, bleeding, haematoma, and neurological disorder. Veins and stents were patent on DUS in all seven patients reaching their six month follow up. One patient with patent stent and treated veins has not yet reached this point.
DISCUSSION
Performing multiple procedures in the same position obviously has an impact on patient comfort, operative time, and cost. During endovascular procedures elimination of repositioning the patient is a common problem and several authors have proposed new access techniques in the supine position for different settings, such as retrograde popliteal arterial puncture in femoropopliteal recanalisation, 5 and small saphenous vein ablation for venous insuffiency. 6 Here, a technique of puncturing the PV in supine position is proposed, which allows for additional venous access in the same position. Although comparative data are not presented for this procedure, it is evident that a significant amount of time would be added while repositioning the patient.
The incidence of iatrogenic pulmonary embolism (PE) during percutaneous endovenous management of DVT has been reported to be as high as 33%e45%. 7, 8 An eightfold increase in iatrogenic symptomatic PE in patients not receiving a filter was noted by Sharifi et al. 9 Therefore, IVC filter insertion has been proposed as a strategy to prevent PE during percutaneous endovenous intervention of iliofemoral DVT. 3, 10 Placement of an IVC filter is commonly accomplished using the femoral or internal jugular veins with the patient in the supine position. After placement of the IVC filter, patients are repositioned, prepped, and draped for PV access in the prone position. Therefore, IVC filter insertion and endovenous management of DVT may require two separate procedures performed either on different days or in the same session because of the need for venous access in different body positions. To avoid repositioning during the procedure, Kim et al. reported the successful use of popliteal access for both the placement of an IVC filter and percutaneous endovenous intervention for DVT in the prone position. 11 However, filter placement through the ipsilateral PV carries the risk of iatrogenic PE because the filter delivery system has to pass through the sites of thrombi. Recently, several peri-interventional IVC filter devices have been introduced to overcome the limitations of conventional temporary filters, such as the inability to retrieve the filter and filter migration. These devices are inserted at the start of PMT and retrieved just after its completion. Although the clinical data are insufficient, one of the possible advantages of this proposed PV access technique is to allow peri-interventional IVC filter placement and retrieval concomitant with PMT in the supine position.
One potential advantage of supine position PV access is anaesthetic management of the patient. Sometimes iliocaval balloon angioplasty and stent placement may be painful and the patient may need additional anaesthetic support, ranging from conscious sedation to general anaesthesia, which is difficult if the procedure is started with the patient in the prone position. Therefore, anaesthetic management of a patient in the supine position is easier than in a patient in the prone position.
In conclusion, the described technique of PV access in the supine position for percutaneous endovenous interventions appears to provide a reliable alternative to access in the prone position, particularly when multiple access sites for IVC filter placement and percutaneous endovenous management of DVT are required.
